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government procurement operation, the U. 8.
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obligation vhatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.
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FOREWORD

This feport was prepared in Uhe Bionucleonics Department* and the
- Yetgrinary Sgrvices Branch! by the following personnel:

°

GUORCE § MELVILAT, Jro Caplain, USAF*
: GEORCE W. HARRISON, Jr. B. A
) THOMAS 1. LEFTINGWELLy M. A°
, WALTER H. WHITODM®, €aptain, USAVs MG?
) ° ROSERT 4. YOUNG, Mafor, UBAT, VE2
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AESTRACT

o ki study, jpeetivendiatbec syagtomati® therapy of the gpadiation syndrome
Sae bosn wiilized 19 provide signifmeny gslemmion of pyyvival Bisme, eempared to
wealiated vemttels, of Jforere molattey pibmnates Regewdizted 8o b Botal &esg of 900 r.
Foriher, tlic Vwepentic gesimcn Bas hgem suzcomsfully ewenbined with chemical
9adimprefcveadts §o chhutee gurvival Ligne In @ Ghird growm of antmalda This gombined
Seatmedl is gnaty offeglive then Ghe %?m*ap, shghg, The wcpslh Linmal condition
OF Vi aBionals in M2 uygec 1o 80 Vet o Thy anlscatd@ ivrafigicd animaln, Pasholomic
Wedicy of the dexymcd gnimale yalicaty fhag The Swe mafor ¢esses of death were
Bung st Fplyie and geewrg lympRoi8 stgophyp, Whg pendective chemiead Treatment
58 8 “xell B comBiBayion of differvnl eaeehadisms of vadicprodegtivn, fouleg of
adwiftisiatlon, and sites BNA 3ates Of sbourption of the drugs,

%his technical doeum ety vepord s keeh seviowed and fs appeoved.

ROBERT B, PAYHE
° ° Colonet, Usar, MSC

©hdaf, Oporations Division
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PROTECTION AGAINST 10N!ZiNG RADIATION

X-irradialed Monkeys Receiving Preirradiation Prophylaxis
and Postirradiation Therapy

i, INTRODUCTION

19 prevheus stnudles in this Wheyatore it hag
been ghovn ¢hat tbe radiopmetection conferrsd
by cegdain oulfhydyyt-containing ehemicals exn
be empaficed i raty, Sither edditively or
syn&gistically by other compogids 59, Shmle
Sar studles g also beem effected i mwnkegs,

sud Bhe fiadings on the mimate substentiale

those found 105 ¢he sosler® ¢4).

AL the present “atateeofthe- 239 of cherate
sal padiopeoteshion, it would sgemy sty ale
thotd effective r:fizthyn dosg eeluctio® can
be athicved, & supealethlly ireadisted animal
will oti) sustuin apprecttle damages Remep
§f not 2l of the cilpical scquclae of satirtion

° picknars thus will be amptedlcd, €itnieal #1008
‘ment of hemieaily protedted animad: Querefoze
boecomes casentlal & the dorededocing ade
vantaesd of Be ragdivpratective chemicals v
2o be optimized,

o
¥hig pepar® detafls the fird %%y @ommo
plished ot this Biboratorg tn which sastiopeotecso
tive pronhokuxtn bes heon follraer? bye aretica?
feeatmen! Wy ¢he fepaniizlin hug Geen ado
ministered,  Hieht mepkeys weme olven dhe
bed ohomlead tevatmen? gvathalde o this
‘r'u?)mﬂmg‘ 13, 3,53, aftce which t?ﬁgy geegved
000 e of gravs - 100°% [Bhat w@hip ¢5 days
o! thia LYoga tory, an®epproginetdy 49t alsgo
whgrs (200 Bhe weme anim:fs r@c ol ngesdtesl
Lreatii nf Aesugeested 2 clialb:gondfecs. Reo
Juite 2 0cste that ho cnbimatfeon of fveals
menls ayhilisandly increnss® the difespun of

TLY ol gy e emmee b B 1t Rl ong? 1aledutOf
of Mav Lilomocily <8 Tuow.. cond Wor D0t @f Boeims o ir Fawree,. Amtip.
w2 v

“ul) sevivors, the longest Nved sgegughbing at

838 days pestexpeosure,

& MATERIAL AND METHGDS

%he monkeys uted were 6f the eecsa
orelallg otrain of shesus mepkey and ranged
Crom 4,5 0 8.5 i, The cighi treated animals
wese chasen at gandong from a ket group of
bealthy anlmals, In this selection. no distinc-.
¢luns were "ade on the Lanie of sex? Bhigge wery
fwo females nad six niates, Ten other animals
€lour femates and six grales) were sragfled
8L 0 y as controts? foup noedienintent controls,

° and &ix pastivaadiation therapy eanisale,

The whnlebody xefrradlitione @erd pef
formed with a Micker xway machire ab 286 kvp,
&8 ma, with 1T mm, A7 and ©0.25 mm. Qv
sulded fillratfon, The dose e was 38 to
20 r:min. the exposhre @age wag foipted as
25 pm, S2uminocthyllsothivgonium dibro-
mide (AIST) was synthesized apd vuwified g
&hie Jaboratory by the method of S*apia (3).

AW profecied animals feeetved AEE-
dityomide (75 meske, bady weght) shus
eysteine-llit (225 mo ke, Body weickid on-
fravenously, 60 mimttgs ©RigP Bo Bradia®iong
b ledibromite (150 mpdig lady wewhtd
Plos arsteing-1301 (850 e, s® Dol Reishe)
orally, 15 sulnuies Befove frpa@athon, and
Bemlat] (8 fo 10 pre./lt, Bady weichi] e
rgyeoronady, 15 minofes splvg ¢0 igradiptiyn,

o]

Inteznvenous dowser A1 Pand eysteing Gvp
peepared by weluhing Bhe apr@rishe guount
of euvh Dite & commom gessel, 1od neatnaMeins
Thent with 2.5 Normsd Nad1d go o Tinal pIf of

1
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7.2 to 7.4. Samples were diluted to 10 ml. with
distiled water and administered 60 miniites
before irradiation.

Oral doses of AET anhd cystein@ werg pres
pared in a similar manner, neutralizeg fogethey
with 2.5 ormal NaOH to a pli of 7.2 §o %.9,
diluted to 8 t® 10 mk wtth 0.5 M phosphate
buffer, and gavaged 16 miputes Hefore irrndde
tion,

Jembutal wus admini®tered ?ntravenously

15 minutes befgre Trradiatlon at a dose &b
8 to 10 mgJsm, Dody welght. & Minimng foso
was used to athleve anesthegla, ghecking g
e “eyeRdrefle}’ Melhed. As @ resuliy Wo
entire calcydated dgse von 8ORWtime® n8) useds

Hematofogly examina®iors WS weedfis
plished on Lised drawl by femesal pitnglutes

the methods specified by Wintrobe (9) were
used for counting and for other determinations.

Bagteriolpgie and parasitologic examina-
Qions were effected gn blocd and feces both
Yelomg am® gfter irradiatiom. Samples for
Daxasflalapy were examined by the ether con-
cenjgation mgsthed; stool bacterlologic samples
were gxamined By dhe si@ndard “three-media”
technic and Bhen by telgathionAte enrichment;
blood bactericlogic samples wgg® Qolle¢led on
1-0z. agar slants tising tryptose-ghiggsg broth,
*ng the® plateg by stangdagd technics. Fo @id
% thesse of antiblohits, Posttive Bleod cuftures
Qerp testmgd Sar sgnsifivity to $arseys druge by
welng the pangr &lse melho,

Fomperatuses were obifined wactallps In
shishabomtqry, §62° ¥, 8 2 hormal thean valpe
fop this Slemir, of monkeyo

TABLE R
’ o Of Monkey® S affabes® ik So0 + of Pe1tys

o

Bosactipe

Gfoup Fig
66%

838
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oon

sige>  Wherapy @s fndicated by Individue?
amvt,gm@

BymagRsns

Rl @atmals xccuvul @\L Sallowing tceaiments {¢pcp
kibograw@) body v 93

&2 o) atley HId-KrosPied Dustensus fnfection ¢f
N A.M’uﬁs‘hﬁ €% oo plus Hysicivalie] 2328 me,)
n Beusra .68 aytoons sofualen

9 68 n@mwﬂ refp@urg: YETALHS G180 mef olas
@velanc $IET @80 mRD ~Gpinioly; @ 0r:Ngy Meay.
BR:P @RcA0 (g.d BdiNI2loNG (Y SUEDIS

fi

PosRyxBipe @ Ahgra@t @s Geflawed Bp Cadinifs.@
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.u Best Available Copy




Water intake was obtained by €alculating
the amsant gonsumed from a 500-ml. bottle of
waler giten to eagh animal daily, Fodd epne
sumption ¢in ealorjea) <was galculaed Ry
edlimating the anconstmed bdortion ef the
ameung given approximately 16 hoprg uftep
Peeding®,

The strwhval timg, ¢alculated in &ay®, was
usgd {m cgmparing the treated emimal? with
t?le.irradiated-t?lerap}’ controls, and sgpamly
swithy ¢he fgradialed ggntrols that receiged n®
2ramtmeqt. The ManueWhilng® U Fesf vas
ased, as epporn?ed Ly Stegal §8)q0 Mavioity
daia were rumd fn contingosicy table &8

o

_NECHP 2o FRABIAIED Mre

RSN

the probabilities were calculated by Fisher’s
Exact Method at the 30-day point.

3. RESULTS

aoble § smmarizes the Tongevity of the
efeht anfma®s tha® verw ealed before and
afsgp frxadiagign §group 11[3¢ control animals
@hap were givew Whrapy after irradiation
gzrouw 3§3; an® ghe fgue §rRdiated control
andeals thak cceelFed no &eatment Pgroup I).
diRn sorvivsy tintc goe wraup T was 10 days;
zioumal, 88 388 4 gxeed Mk 135 daye

Figug@ 1 MowB Welght $#h® temgperature
chpores Yap R iirol 204y pesiod pottirzadite
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tion. These values are mean® fof the animals
which were alive #vdiem the aamwple wap taken;
weights have betn prasewted as pgreeniages of
the baseling values before jgndiatbor whigh,
in turn, have beerz faggnallzed t~ the @aymadb
valug for the rhesus mendley in tims colony,
The animals prefreated with fha ehembea? pro-
tectants (group 119 emabntain lei® welchi
better than those shab wesclvel oWp1Osi'@
treatment enly (greup Id
[ J

Varfation$ in tempetajng afv $otn - aumtled
howeves, anismals i vecup Ji§ 250 Balslsie
their bedy tgmpegpaturg dejler @m &aw
and fate hagel of e 35-dap Perfoc, omd 0 Q
is Jess fluctralios Shaty 3@ grougp it T2
850 & is_a lemagrem wikh premd 0@
serphersd 9108 pwawt? 9 foy Ryoops 11 0.
2P, Ty .lye0 40 Sgane Jap {10 animels
alipe o8 Sh sigge oF tho cumpling. o bre
sery fow aiffsoncos fn the Bvo gravgs, Mo
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g phaee? tved ¢

) yostsmedioilon choegsd 6
fiicvg gooegz o @'nrfgm’e o
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TABLE II

Statistical probabilities for the survival
of monkeys

i Figher’'s fyuaed Test qur“a_,“,’]hcl::ey
{Murbcs, elcad o n¥ivedl (days unt.ii ;ica't’h)
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white bloo® @cl capnt §a wirh@c for grgup 11,
apd, sfthonch Be Igss cXtemd, plakelets and
fBticulocyled are 3@ Wehege IR group 1k
RBemoglob¥rs Rre sOmewha® Righgp during the
Bust wweely

Prle §P Fhows fhe memmlt® obfefned by
Syying Yiders Fxagl Test gnd tRe Mann-
Whitpey “M® Tesy s ghese data. Nene of the
o2 1 By 3088 628 2onsideged sigmificunt Cre-
@y‘rgmm,%g D2 H8), Wpweler, there is signifs
aadd Sminoveend G 3@vigd $ime® §n ali
Careds 2

-, Bt T suw v ives the yamader of the
@hniend hisfory @ swuww §8 Geford aind after
oomlio?idR, €ho atyuls Bave been Isted in
@rder of fncsgasing for@ogit g, Flms gunders In
Farentheses gudicale the st dng ow which
Quligter vefe po-1i§ve, 2yl tRe dags e which
@V wape @ImTaiPorad, 1L WilP hg nele® thal
Almnls *8eivine e Bw® Preatmegt lived
2b3 lopzegly, GRnissity, Rewgver, @hepe anfmals
«hawcd the pwet symphams singe symplems
ey We Basks £02 hapap

~

As b eneral ¢aatition af the animals of
Bronn § W ety poge, ghoy =vere delinented
Qdﬁ‘ﬂ etsily Teotp BRe troated seoups at the
and of the Firad Sree¥, Sygaptonis included
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2~ute anorexia, diarrhea, blocdy diarrhea, dehy-
dration, some epilation, and very low body
temperature occurring just before death. Al
the end of the first week, essentially mo ‘white
cells or platelets were detected irt thé peripheral
blood. The extremely shor} suryival thge of #he
monkeys in group I makes it jgnpossiite @ plog
curves showing data romparable t® tha? gf the
other groups.

Figure 3 shows the ¢alagle an® Qhadd inlyke
of the animals expressed as the gygup mean
percent of the ameunj offgrede The numbeg?®
in parentheses represent $he number @ andmals
comprising the group 2t that t¥me, YPhese gata
indicate $haf failure jo otiliz@ fyall®le flgdd is
an extpemely important faglay k@ matiging
the normal fleid balangg, angd éhat $he protec-
tive drugs do no? apprgclably altep the sitgfe
Wen. Psstirradiatiayr agovexda was seen i by
groups, bl was somggwhal defs sc@ePc §p

IRRADIATED-THRAPY CONTROLS

&—& FO0D lories)
@0 H,8Qcgs)

M{AN < CONSUMED OF ARSRNE CRALAED

group III and appeared some seven days later
than in group II.

Tables ¥, ¥§, and Vi describe the patho-
logic findings for gweups i, 3%, and I, respec-
tively.. Bong magsww €atture and atrophy of
$pmpheid tisswg are consistent findings in ail?
gramps. dvnimal 48E tgeeup I13Y), which lived
688 dayl aftow jpapdation, acjually shewed a
slightly &ypepegllular bone «majraw Wwith
n®merous mitotic figurgs. §1 s intgyesting to
ohserva thg ocgurrence of meningitis T99E,
table VII)S this fimdiy das bgen nated in
ecwera? anima¥s In eieer phases gf $he re-
cearch 4§,

%o RISQUSSION

ghis §s tha flest expergmen® o thia Tabora-
Wy & which any grlegted enim?® $us stir-
viwe® s ®ong as 30 days afigr beipg given

HBRDIATEOPRETEQTER THRRAGY ANIMARS)

o8 $000 (e
OoeQ (€33

“mee-co--om - A"
gad "o ,
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o

o _ O
o -a® \‘ "
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O i e A i 1 i i i i A A1, i " i i 1 1 1 i i A 1 1 -
) 2 @ 6 8 10 12 14 16 I8 20 22 24 26 28 30
DAYS POST IRMADIATION

FIGURE 3

Dostirradintion chawges in food and water

covsiumption for groups Il and 11§,
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e

TABLE V

Patholowie summary for group I

Ax;r:al Gross findings Microscopic findings
. --—a - T - -
116C Petechiaa of skin, somach Smperfivtn? ayse l Atrophy, bone marrow lymphoid tissue.
P sion  snd hemorrhage, eetur  Focal Mtraphy, slight, inlestinal epithelmwm.
' hemorrhage, cqlon, ®

1347 Petechiae of skin. %oca’ hemorrbuge of Asophy, bone margnap end Tymphoid %issue.
subarachnoid space, cerebral corét® #ingt $light atypia of gujosic mescan.
Hemorfhagle ulcers, colon.

145 ¢ Glceregio® and hemarBagd cegum, gescends Atrophy, bone marrow an® Jgepheid tissue.
ing colonp amd rectum,. 'decfﬁab $emar- Fatty metamorphosis, slight, lives.
rhage, . mutosa d#bomach wn@ uriba®

) bladdery

13H Petechin? hemorthages @& skin, gasttem ASrophy, bong maseew and lymphold t¥ssug
intestina® mycosa, serous suqflc.g. dungs. Bactorial gelonization, Bidngp, admgnal, end
Ulcerationy, mild, calonic mucosa. ®ung.

- - e L e -
TABLE VI
Puthologic §indings or group 1 ¢
Antmal et ea——— ° - iR
ah
N:u €roan findings ¢ Microscopic findings
Rl O RN PGt e e G e e
"E ¢ Petechinl hemorrhages of akin, serous sur- Hemorrhage a#® ulcerntion of soloni® mueosa
faces, epicardium, stomach, and small ine with preudomembrane formstion, Atrophy
[ ] Bugine.  Subaracknoigd hemorrhage, foeul, of bone marrow nnd.l;mphold timsme. Mas.
Uleeration awd hemerrhnge, transverse sive hemorrhage and edema of {ungs,
“ colon, )

8K Pcivtidinl hewmrrhages of skir, serous sur- Atrophy, bone marrow, with early regenera-
fuces, epdeardium, liver, stomach, colon, tion. Atrophy, lymphoid tissue.
urinurg bladder, Weeration and hemsor- ¢

* rhagre, ileuwm.  Ulcemition and hemorrhage,
' cum,

84E Petechin] hemotrhages of skin, gums, serous Atrophy, bone marrow and lymphoid tissue.
surfaces, epicardium, stomach, small in- Hemorrhagie  uleers, colon, and skin.
testine, and colon. Homorrhage and edemn, Submucosal  hemorrhage, focal, colon.
tissues of pelvis. Multiple smail hemor- Edemn, lungs.
rhagic ulcers, colon.  Hemorrhage and
uleeration, rectum. Severe ulcers, hemor-
rhagic, skin,

9215 Widespread petechial and foeal hemorrhage, Atrophy, bone marrow and lymphoid tissue.
Foeal uleeration  of  stomach  mucosa. Mucosal necrosis, foeal, stomach.

Ulcers, lips. Congestion, lungs.

93k Generalized petechial hemorrhage. Hemor- Atrophy, bone marrow and lymphoid tissue.
rhage and thickening of colonic mucosa. Necrosis and hemorrhage. focal, colon,
Subarachnoid hemorrhage, right arachnoid
hemorrhage, right frontal lobe, minimal.

11458 Softening of right maxilla. Purulent material Reduced cellularity of bone marrow, Atrophy,

in maxillary sinus.

lvmphoid tissue.  Osteomyelitis, maxilla,
acute and chronie




TABLE VII

Pathologic findings for group III

Microscopic findings

Foug large pemprated ulgers i @olon and # Focal fibrosis and calcification of spleen and

lungs. Acute purulent meningitis, cere-
bellum and cerebrum. Penetrating ulcers
®f colon. Atrophy, lymphoid tissue. Hy-
pegpladle, myeloid seriesy bone marrow.

Blceration and hemorrhage of @lonic mucosa
witky pseudomembrane.  Atrophy, bone
marrow and lymphoid tissugy Whdespread
Racteria} colonization.

Atpophy, Wmphoid tissge.  Hemorrhage,
edema, and pneun‘fa, ungds Regenera-
tiogy bone marrqw,

Cryp! abscesse®y colelt. dtrophy, lymphoid
tesw® Bypotefiglarity of Bone marrow.

Avswphy Bong magwove® and {ymphoid sissue.
Foeol fcgPoeiny diver. Bacterigh ¢oloniza-
tiom, genenalizedy §lemorrhage and edema,
obmuggsal, cellsm Focd $emorrhage and

pneumonia, gengse
Posal a¥eolar an§Subgla@ neegosis, kidneys.

Animal - e e

No. Gross findings

BSE
rectnd, Small white nodyles throughgut
fmgsy Calcified nodules in  spleen
Petechiae of sépmach and Waddeg,

66E Widgspread Petechial and focal Temagehage,
Matatiofs stomach aRd saell ntestire.
HemorrhaglQ eoliflls, cecumn, igesn, ¥p,

*sar Subcallaneou® hemorthage =2@d edema, Sose,
QRd Beck. Generalize® petechial hgmors
rhaglg, Subatyehngll hermorghang, focal.
Hemorthage an@ edema, Yemgs.

8% Eden¥® af® conggaltien, golon, s’ligT\t.

98E demofghage, petedial and Tegall zangraligeh
Hemorrhgee, e and  mediasfipung,
Multiple small white nodulesgYiver. Hemore
rhagg and edema, s soLale °

05 18eosthagm, palccNiay, skidesiwmadhyodtom,
Nidncy@y QeaeestTong splecms

18E 'dec?xi:‘ Sgorfage, %eal’. @™ $n¥estine,
aglon.  HemorghwPe, foca% Yungm Jjul-
tip}@ s 1! §bsamses, a0 gs.

*
45 CenPessiogy Wty Meewet u%eration with

9sollear®rtng éatmibeny, Bwiendiog
cdete

900 r of x¢a¥ss B ¢4 M0 We (hsh (ime @
spmplama‘ically {resfed mnimal Mas servivegd
morg than 30¢M1Ys el this Jewed of wrvadiatlae

The ehemlcet trealmen wsal for eadioprae
teclion is gawre cxleRsive than other tyeatment
,_pmvious]y veporiog n peimates (1, 1), We
commbined elifferent meghiumsms of protection,
remtes o8 adiming®2a%on, and mites amd migs
of nbsorptigm, Ior c®unple, (1§ the ine

<

Tewa¥ jnterstitia® hemorrhage, kidneys.
Pohowradosisy frcal, clgMeralnr gapillaries.
Atrephyy Lymphedd tTwue  Mesdngitis,
gl

Mild iiued (nftnmmmiiinn, ealyn, Extensive
etvne of pulssnarp gdomrn, Sewmerrhige
04 iaflutmeetio With @bsiesy fewnation.
&\ bagesey myoca sligen,

Wbt Sherpfisimy Sodic eranew, Ltrophy,
tym8old Pissugs  Fi§use PnTlargmatofy
Infiltration, Sengs. Pkergitfory and gurulent
udgigy GUln. Aaycrmmleenesis, Foeal,
Sesdes,

— Sy S ——

travemeus dos@ uffor®s a hgh blood level of a
good radical sump LAK® or a homolog) and
an addivianal compomd (cysleine) which may
he a radica¥ sump and may also participate in
rpormal exidaldve mce¥abolisme (2) an oral dose
of theg same copnPoyngds provides direct physical
esntacd amd presumably abserption in  the
gastrointestinal truct, and allows the total con-
centralion of the drugs to e ingreascd without
moticeabdy incrgasing the toxicity; and (3) the

9
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use of pentobarbital sodium introduces a drug
which decreases respiration (in terms of rel-
ative O, concentrations), lowers the overall
metabolism rate, creates some tissue hypoxia,
and potentiates the effect of AET (5).

The actual chemical species present in a
homogeneous aqueous mixture of AET and
cysteine is yet to be determined. Preliminary
work shows that the protective effect of this
mixture depends on the concentrations of the
two compounds; it also indicates that when
the two compounds are mixed in water before
treatment, they are more effective than when
they are given to the same animal in separate
aqueous solutions, The product may be a
mixed disulfide or a sulfhydryl compound of
relatively high molecular weight. The problem
is being investigated by paper chromatographic
methods.

There seems to be no question thut chemical
protection and symptomatic postirradiation
therapy can be advantageously combined to
ameliorate radiation injury. The chemical
prophylaxis very probably decreases radiation
damage to the gastrointestinal tract. The fact
that it does not appear to protect the lymphoid
tissue or the bone marrow confirms the find-
ings already reported in some 80 other chemi-
cally protected monkeys that were given lethal
or supralethal doses of x-rays (6). These
earlier results are further typified by the
histopathologic findings that demonstrate bone
marrow recovery but lymphatic tissue failure,
a8 in the case of 43E.

The classical symptoms of radiation death—
anorexia, diarrhea, dehydration, epilation, and
weight loss—are found to a lesser extent, or
are delayed considerably, in the therapy
animals and in the protected-therapy animals.
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